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ABSTRACT 
 
Timberland is now regarded as a long-term investment with both institutional 
investors and absentee owners. This paper utilises the NCREIF Timberland index to 
examine the performance of US timberland over the period of 1987-1999. US 
timberland was found to provide significant risk reduction and portfolio 
diversification benefits in the portfolio resulting from the low risk and low correlation 
with stocks and bonds. Timberland was also found to make a significant contribution 
to a portfolio of stocks, bonds and real estate, particularly at low to midrange portfolio 
risk levels. 
 
INTRODUCTION 
Over the past ten years, there has been a significant increase in total timberland areas 
in developed countries, such as the US, Europe and Australia. In the US, the 
percentage of total land area designated to timberland and National Forests accounted 
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for a total of 33% of the US land area in 1998 (Smith, et al 1994; UK Forestry 
Commission, 1998).  
 
Approximately 198 million hectares (489 million acres) of the current US forestland 
is classified as timberland, which is capable of producing 1.4 cubic metres of timber 
per hectare per annum. The remaining areas classified as forestland comprise national 
parks and wilderness areas (Smith et al, 1994). 
 
Tree plantings in the US have increased from 56,000 hectares in 1930 to 981,000 
hectares in 1995 (Brent and Mendelsohn, 1999). The figures for Europe and UK show 
a similar trend in timberland areas, with approximately a 5 million hectare increase 
since 1960 in the UK (UK Forestry Commission, 1998). 
 
The US level of private timberland ownership is approximately 73% of total 
timberland and accounts for 82% of growing stock removal. Non-industrial private 
ownership comprises 59% of US timberland and provides up to 49% of timber 
harvested annually. Although industrial forests account for only 14% of total 
timberland area, they provide up to 33% of the total timber harvest. Public forests in 
USA are only 20% of the total timberland area and account for up to 12% of the 
annual timber harvest (Smith et al, 1994). These ownership figures contrast 
significantly with countries such as the UK and Australia, where private timberland 
ownership is 35% and 37% respectively (UK Forestry Commission, 1998; ABARE, 
1999). 
 
Investment in timberland ranges from small joint venture operations to large corporate 
investment groups, such as the Hancock Timber Resource Group, with exposure to 
timberland in excess of 733,000 hectares (1.81 million acres) and a total value of 
US$3 billion (Berler, 1998; Hancock Timber Resource Group, 2000). Timberland has 
also been an important investment source for U.S. pension funds, particularly since 
the mid 1970’s. Since the 1970’s, timberland has been considered to be a viable 
investment option in institutional investment portfolios, as timberland has significant 
diversification benefits and provides high returns at relatively low levels of risk 
(Binkley et al, 1996; Caulfield, 1994; Harris et al, 1989; Martin, 1993). 
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Other investment institutions with significant global holdings in timberland include 
Prudential Insurance Plantations (U.S. and Australia), UBS Brinson (Europe), Xylem 
Investments (U.S.), The Global Timber Fund (Europe, U.S., Australia), National 
Superannuation (Australia), Star Bank (U.S.), Equitable Real Estate Investment 
Management Agricultural Properties Fund (U.S.) and Wachovia Bank (U.S.).  
U.S. institutional investment in timberland totaled 1.032 million hectares (2.55 
million acres) in 1994 (Binkley et al, 1996). The total value of the institutional 
ownership of timberland was $US5.5 billion as at 1998 (Caufield, 1998). 
 
Although investment in timberland is starting to become more prominent in countries 
such as U.K., South Africa, European countries, Australia and New Zealand, research 
into the investment performance and investment features of timberland is mainly U.S. 
focused, using both investor-based indices and theoretical benchmarking (Caulfield, 
1998; Thomson, 1997). In relation to performance analysis, timberland has been 
shown to provide both capital growth and the ability to generate a large income from 
the low cost production of a commodity which has a continuing demand and alternate 
uses (Caulfield, 1994; Conroy and Miles, 1989; Harris et al, 1989; Mills and Hoover, 
1982; Redmond and Cubbage, 1988; Thomson, 1997).  
 
Timberland investment is characterised as an investment class with high real average 
annual returns which tend to move countercyclically to non-property investments and 
being positively correlated with inflation (Hancock Timber Resource Group, 2000). 
Washburn and Binkley (1993) found that geographic location, species type and the 
end use of the forest product can limit the inflation-hedging attributes of timberland. 
Where these factors were favourable, timberland did provide an inflation hedge. 
Berler (1998), Binkley et al (1989); Courtland and Washburn (1996), Caulfield 
(1994,1998), Mills (1988), Mills and Hoover (1982), Redmond and Cubbage (1988), 
and Zinkham and Mitchell (1980) also found that timberland provided significant 
portfolio diversification and risk reduction benefits in mixed-asset portfolios. 
 
Given the current level and increasing significance of U.S. investment in timberland, 
it is important to evaluate the investment performance of this investment option. The 
inclusion of timberland as part of an investment strategy has previously been limited 
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due to the lack of a reliable timberland investment performance index (Caulfield, 
1994).  
 
This situation has now changed with the availability of three timberland investment 
performance indices. The first available timberland index was the John Hancock 
Timber Index (JHTI) which provides a variation to an appraisal-based index by 
assuming that timberland and timber growing stock values track a weighted average 
of past timber prices (Binkley et al, 1996). In 1994, the Timberland Performance 
Index (TPI) was introduced and later in the same year, the NCREIF Timberland Index 
was made available (Binkley et al, 1996). Both the TPI and NCREIF indices are 
appraisal based incorporating the cash return from the timberland and the capital 
value based on regular appraisals. The TPI index calculates quarterly returns from 
existing timberland investment funds run by a cross section of timberland investment 
management organisations (TIMOs). This TPI index is based on the returns of eight 
different timberland funds, which are managed by 5 TIMOs. Basic data for this TPI 
index is based on the published returns that appear in the quarterly publication “Real 
Estate Profiles”, published by Evaluation Associates, Inc (Caulfield, 1994). TPI index 
has been used by Caufield (1994) to assess timberland performance. The JHTI index 
incorporates the value of growing timber in the index, not only income from timber 
sales. (Caulfield, 1998, Binkley et al, 1996). 
Binkley et al (1996) based their analysis of institutional investment in timberland on 
the JHTI index. 
 
To date, no analysis of timberland performance has utilised the NCREIF Timberland 
Index. As such, using the NCREIF Timberland Index over the period 1987-1999, 
issues to be critically assessed in this paper include timberland performance analysis, 
comparative investment performance analysis, the role of timberland in investment 
portfolios, the risk reduction and portfolio diversification benefits of timberland in 
mixed-asset portfolios and the strategic investment significance of US timberland. 
 
METHODOLOGY 
 
Timberland performance series 
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The US timberland performance series used in this study is the quarterly NCREIF 
Timberland Index over the period 1987:Q1 to 1999:Q1 (NCREIF, 1999). This 
timberland index provides total performance returns, with details of the NCREIF 
Timberland Index series presented in Exhibit 1. 
 
The NCREIF timberland series commenced in 1987:Q1  with 5 properties valued at 
US$29 million, expanding to 147 properties valued at US$3.55 billion in 1999:Q1. 
There are 105 timberland plantations located in Southeast (including Alabama, 
Georgia, North Carolina and Texas), with 24 timberland plantations in West 
(including Washington, Oregon, Idaho, California and Montana) and 18 timberland 
plantations in the Northeast (including Maine, New York, Pennsylvania and 
Vermont). At the commencement of the timberland index in 1987:Q1, there were only 
two regions reported (i.e. West and Southeast), with the Northeast region not included 
until 1994:Q1. For this reason, only the West and Southeast regions are analysed 
separately in this paper for the period 1987:Q1-1999:Q1. An even spread of plantation 
ages provides a sound investment base, as neither newly established plantations nor 
plantations nearing clearfall dominate this NCREIF timberland series. 
 
All analyses use the NCREIF calculations for rates of return. The capital appreciation 
return is based on the appraisal of the individual properties. The income return is the 
portion of the total return attributable to each property’s net operating profit 
(NCREIF, 1999). 
 
Other investment performance series 
 
To provide a comparative performance analysis and mixed-asset portfolio 
considerations, the following total return series over 1987:Q1-1999: Q1 were used: 
 
• Real estate: NCREIF total, office, retail and industrial series 
• Farmland: NCREIF farmland series 
• Stocks: S & P 500 series; and 
• Bonds: Lehman government bond series. 
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RESULTS AND DISCUSSION 
Inter-asset correlation matrix 
 
Exhibit 2 shows the inter-asset correlation matrix over the period 1987:Q1-1999:Q1. 
This correlation matrix shows that timberland is negatively correlated with all real 
estate sectors (total real estate, r = -0.28; office, r = -0.35; retail, r = -0.02 and 
industrial r = -0.28). There is no significant correlation between timberland and the 
other asset classes. The only positive correlations with timberland were farmland       
(r = 0.16) and bonds (r = 0.12); however , these results are not significant. Previous 
timberland analysis for the UK over 1981-1997 (Eves et al, 1999) noted a significant 
correlation between UK timberland and real estate(r=0.53); however, this was not 
reflected in this US timberland analysis. Previous studies by Thomson (1997) and 
Caulfield (1994) also found that the correlation between specific classes of timberland 
and bonds, bills and were negative or not significant. 
 
On a regional basis, Exhibit 2 shows a more significant correlation between total 
timberland and West timberland (r = 0.88) than between total timberland and South-
east timberland (r =0.43). Although the South-east plantations make up the larger 
percentage of the NCREIF timberland series, the West timberland includes higher 
value saw-log timber compared to the lesser value pulp-wood timber dominating the 
South-east timberland properties. 
 
Importantly, timberland was negatively correlated with stocks (r = -0.06) and the 
correlation with bonds was not significant (r = 0.12). These negative and non-
significant correlations indicate that US timberland has potential portfolio 
diversification benefits in a mixed-asset portfolio of stocks, bonds and real estate. 
 
 
 
NCREIF Timberland series: return and risk profile 
 
Exhibit 3 represents the average annual return, risk, risk-return ratio and serial 
correlation structure for the NCREIF timberland series over the period of 1987-1999.  
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Based on this analysis, it can be seen that the timberland average annual return 
(20.69% p.a.) was above the average annual return for the other asset classes. When 
the timberland results were determined on a regional basis, the average annual return 
for the West region was 28.15%, with the South-east region average annual return 
being 14.42%. Timberland returns were slightly higher than stocks (17.37%), but 
significantly higher than real estate (5.76%) and the individual real estate sectors 
(office, 2.85%; retail, 8.57% and industrial, 6.92%). 
 
The annual risk for timberland (9.40%) was higher than the risk for all of the other 
asset classes, apart from stocks, which had a higher risk at 15.76%. The risk for 
timberland in the West region (17.88%) was higher than total timberland (9.40%) and 
timberland in the South-east (6.77%). The high risk nature of timberland, compared to 
most other US investment assets in this analysis, is due to timber prices being subject 
to world not domestic prices and international supply and demand. Competition from 
Canadian forests, with similar plantations to the US West and North West timberland 
is also reflected in the increased risk. This mid level risk for timberland reflects the 
high return for the asset class combined with the long-term investment nature of 
timberland. A typical timberland investment is 35 to 50 years from establishment to 
clearfall, and the cashflow of timberland is restricted to specific age periods and 
skewed to the end of the investment period in all managed, clearfall plantations. In 
view of the high average annual returns from timberland, it does provide benefits in 
the mixed-asset portfolio, as these high returns are also at mid range levels of risk. As 
such, timberland has the ability to both increase returns and lower the risk profile of 
the investment portfolio.  
 
On a risk-adjusted basis, timberland has a lower risk-return ratio (0.45) compared to 
the other asset classes, with only retail real estate having a slightly lower risk-return 
ratio (0.44). This reflects a higher risk-adjusted performance by timberland. The 
volatility ratio for timberland was 60%, being above that seen for the other types of 
real estate (21-29%) and farmland (34%), reflecting the higher level of timberland 
risk compared to these asset classes.  
 
Being an appraisal-based performance series, some serial correlation is expected in 
the timberland series, reflecting some degree of appraisal-smoothing and potential 
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underestimation of timberland risk. However, the serial correlation structure for 
timberland was different to the other real estate series. In particular, the serial 
correlations for timberland showed evidence of more frequent appraisals than the 
other real estate series. This is reflected in six-monthly spikes in the serial correlations 
for timberland, compared to the “4th quarter” spikes for the real estate series, 
reflecting increased frequency of appraisals in the 4th quarter each year. The impact of 
appraisal-smoothing is less evident in timberland, with the risk only needing to be 
increased by 4% to account for appraisal-smoothing, compared to risk increases of 
77-92% for real estate and 43% for farmland. Although timberland properties are not 
valued at more frequent periods, the nature of timberland plantations and component 
value limits the impact of appraisal-smoothing. The largest component of timberland 
value is the growing timber stock, with the actual land value being negligible until 
final timber harvest. Values of growing timber stock can be accurately forecast with 
commercially available timber growth and value models. With a balanced timberland 
portfolio, the annual timber sales would represent higher values than the appraisal of 
the land itself; thus the use of actual prices would limit the impact of appraisal-
smoothing in the timberland series. 
 
Role of timberland in optimal mixed-asset portfolios 
 
Using these historic risk, return and inter-asset correlations, Exhibit 4 presents the 
optimal mixed-asset portfolio allocation for real estate, stocks and bonds over the 
period of 1987-1999. Real estate comprises the majority of the optimal portfolio 
(65%) at low portfolio risk levels. However, as the risk increases, the level of real 
estate in the portfolio reduces from a maximum of 65% to minimal levels (less than 
10%) when the risk reaches 6.5%. Whilst initially accounting for less than 5% of the 
portfolio, the proportion of stocks in the portfolio increases significantly as the 
portfolio risk increases. Bonds come into the portfolio at low risk levels, accounting 
for over 30% of the portfolio at a risk of 2.75%. 
 
Including timberland in the potential investment portfolio has an impact on the 
optimal mixed-asset allocation. As demonstrated in Exhibit 5, the lowest risk level of 
the portfolio decreases from 2.75% to 2.47% with the introduction of timberland into 
the portfolio. At these low levels of risk, timberland accounts for up to 12% of the 
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portfolio. As the risk profile of the portfolio increases, the percentage of timberland 
also increases. At the 7.5% risk level, real estate and bonds are not included in the 
portfolio. At the 8.75% risk level, timberland makes up over 90% of the portfolio, 
with this level only reducing at the 10.5% level, when the proportion of stocks in the 
portfolio increases. However, this level of timberland would not be practical in a 
balanced and diversified mixed-asset portfolio, because of the liquidity and 
divisibility issues attached to all forms of direct real estate.  
 
Exhibit 5 also indicates that under this investment scenario, real estate and bonds do 
not contribute as significantly to the portfolio at the mid-range risk levels. At these 
mid-range risk levels, the proportion of real estate is considerably less compared to 
the previous portfolio without timberland investments. In this case, real estate and 
bonds account for 40% of the portfolio, compared to over 70% in the previous 
portfolio.  
 
To critically assess the impact of including timberland in the mixed-asset portfolio, 
Exhibit 6 presents the efficient frontiers for the two scenarios of real 
estate/stocks/bonds and of real estate/stocks/bonds/timberland. Across the full 
portfolio risk spectrum, the mixed-asset portfolio including timberland was shown to 
generate at least higher returns than the mixed-asset portfolio excluding timberland. In 
particular, at a specified level of return, including timberland in the portfolio 
generated portfolio risk levels below that seen for the standard mixed-asset portfolio 
of real estate/stocks/bonds. 
 
Exhibit 7 presents the optimal real estate portfolio allocation for office/retail/industrial 
real estate over the period of 1987-1999, with Exhibit 8 including timberland in the 
real estate portfolio. Timberland dominates the real estate portfolio at mid-range to 
higher risk, accounting for up to 75% of the mixed-asset portfolio at the 7.5% risk 
level. The inclusion of timberland decreases slightly the overall risk of the portfolio 
from an initial level of 2.32% without timberland, to 1.99% when timberland is 
included in this portfolio. As well as decreasing the risk of the real estate portfolio, 
the inclusion of timberland also increases the average annual return of the real estate 
portfolio from 5.28% to 9.40%. 
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To critically assess the impact of including timberland in the real estate portfolio, 
Exhibit 9 presents the efficient frontiers for the two scenarios of office/retail/industrial 
and office/retail/industrial/timberland. Across the full risk profile, the real estate 
portfolio including timberland was shown to generate higher returns than the real 
estate portfolio excluding timberland. As in Exhibit 8, including timberland in the 
portfolio generated portfolio risk levels below that seen for the real estate portfolio of 
office/retail/industrial real estate. 
 
In Exhibit 5, it was noted that at mid-range levels of portfolio risk, the majority ( up to 
75%) of the portfolio comprised timberland. However, it was also noted that in a 
balanced mixed-asset portfolio held by an institutional investor, this would not be 
practical. Exhibits 10 and 11 presents the optimal mixed-asset portfolio on the basis of 
timberland representing a maximum allocation of 10% and 20% respectively to the 
portfolio. When the proportion of timberland in the portfolio is constrained at 10%, 
the risk of the portfolio reduces to 2.48% (from 2.75% without timberland). At a 
maximum 20% level, timberland will reduce the portfolio risk to 2.47% (from 2.75% 
without timberland) with an overall return of 15.03%. With this restriction on the 
maximum level of timberland in the portfolio, timberland was seen to contribute at 
both the 10% and 20% level over a significant range of risk levels in the optimum 
asset allocation. The need to constrain the overall percentage of timberland in a 
mixed-asset portfolio was also discussed by Thomson (1997), where the use of a set 
percentage of timberland in the portfolio allows the mix of other assets to maximise 
return and limit risk.  
 
To summarise these results, Exhibit 12 presents the efficient frontiers for the four 
scenarios of: 
 
(1) stocks/bonds/real estate 
(2) stocks/bonds/real estate/timberland (max 10%) 
(3) stocks/bonds/real estate/timberland (max 20%) 
(4) stocks/bonds/real estate/timberland. 
 
Including timberland in a mixed-asset portfolio generates higher returns across the 
full risk profile. Constraining timberland to a maximum of 10% or 20 % of the mixed-
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asset portfolio also generates higher returns across the full risk profile, but at lower 
levels than the portfolio where timberland is unconstrained. 
 
 
 
Timberland management implications 
 
The inclusion of timberland in a mixed-asset portfolio does require additional asset 
management requirements compared to stocks, bonds and real estate. The 
management of timberland is a specialist area requiring considerable input from a 
forestry consultant, in addition to on-going annual property management. The on-
going annual management of timberland is similar to investment real estate in respect 
to payment of rates, taxes and repairs and maintenance. However, additional 
timberland expertise is required for the control of pests and diseases, as well as 
silverculture operations including harvesting and marketing.  
 
A further issue that has to be considered before including timberland in a mixed-asset 
or mixed-property portfolio is the long-term nature of timberland production and 
investment. Although the liquidity of real estate is not as great as other asset classes, it 
is more liquid than timberland. To achieve the maximum returns and portfolio risk 
reduction benefits of timberland, it is necessary to hold the asset to clearfall. With 
recently established timberland, this may not occur for up to 35 years. This important 
element would have to be factored into a long-term investment strategy. 
 
However, these ongoing management and liquidity issues are clearly offset by the 
higher returns and portfolio diversification benefits of including timberland in the 
mixed-asset or real estate portfolio. 
 
CONCLUSIONS 
 
The analysis of the NCREIF timberland performance series has provided useful 
insights into the risk-adjusted performance of US timberland over the period 1987 to 
1999. It can be seen that timberland provides significant portfolio diversification 
benefits, increases the average annual return with limited increases in risk of both the 
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mixed-asset portfolio and the real estate investment portfolio, and that these benefits 
are particularly available at mid and high levels of portfolio risk. 
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Exhibit 1: Summary of NCREIF Timberland Index: 1987-1999 
_____________________________________________________________________ 
 
Timberland index established:   1994 
 
Period covered:    1987:Q1 to 1999:Q1 
 
Timberland index composition: 1987:Q1 
 
• Number of properties:  5  Value: $29 million 
 
 
Timberland index composition: 1999:Q1 
 
• Number of properties:  147 Value: $3.55 billion 
 
• Regional sub-indices:  Southeast: 105 plantations 
       Value: $1.99 billion 
 
West:  24 plantations  
  Value: $1.06 billion 
 
Northeast: 18 plantations  
  Value: $0.50 billion 
_____________________________________________________________________ 
 
 
 

 17
Exhibit 2: Inter-asset correlation matrix: 1987-1999 
 
 
 
 
Timber-
land 
South-
east 
West Farmland Total real 
estate 
Office Retail Industrial Stocks Bonds 
 
Timber- 
land 
 
1.00 
         
 
South-
east 
 
0.43 
 
1.00 
        
West 0.88* 0.03 1.00        
Farmland 0.16 0.12 0.13 1.00       
Total real 
estate 
-0.28 -0.07 -0.26 -0.11 1.00      
 
Office 
 
-0.35* 
 
-0.13 
 
-0.33* 
 
-0.06 
 
0.97* 
 
1.00 
    
 
Retail 
 
-0.02 
 
0.01 
 
0.05 
 
-0.21 
 
0.75* 
 
0.59* 
 
1.00 
   
 
Industrial 
 
-0.28 
 
-0.12 
 
-0.23 
 
-0.21 
 
0.91* 
 
0.87* 
 
0.63* 
 
1.00 
  
 
Stocks 
 
-0.06 
 
-0.10 
 
0.07 
 
0.10 
 
0.03 
 
0.09 
 
-0.12 
 
0.09 
 
1.00 
 
 
Bonds 
 
0.12 
 
0.11 
 
0.12 
 
-0.05 
 
-0.13 
 
-0.12 
 
-0.06 
 
-0.11 
 
0.05 
 
1.00 
*: significant at 5% level 
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Exhibit 3: Analysis of NCREIF timberland index: 1987-1999 
____________________________________________________________________________________________________________________ 
Investment 
characteristic 
Timberland South-east West Farmland Total real 
estate 
Office Retail Industrial Stocks Bonds 
Return 
(Annual %) 
20.69 14.42 28.15 5.40 5.76 2.85 8.57 6.92 17.37 10.86 
 
Risk 
(Annual %) 
 
9.40 
 
6.77 
 
17.88 
 
5.36 
 
3.41 
 
4.59 
 
3.73 
 
3.34 
 
15.76 
 
6.23 
 
Risk-return 
ratio 
 
0.45 
 
0.47 
 
0.64 
 
0.99 
 
0.59 
 
1.61 
 
0.44 
 
0.48 
 
0.91 
 
0.57 
Real estate: 
shares 
volatility 
ratio 
 
60% 
 
43% 
 
113% 
 
34% 
 
22% 
 
29% 
 
24% 
 
21% 
 
n.a. 
 
n.a. 
 
Serial 
correlation 
          
ρ1 -0.20 -0.34 -0.02 0.18 0.59 0.45 0.38 0.67 -0.15 0.07 
ρ2 0.47 -0.07 0.57 0.21 0.63 0.59 0.57 0.71 -0.18 0.02 
ρ3 -0.25 -0.35 0.00 0.51 0.51 0.37 0.34 0.60 -0.08 0.14 
ρ4 0.27 0.72 0.15 0.40 0.71 0.70 0.76 0.67 0.02 -0.14 
ρ5 -0.24 -0.34 0.02 -0.10 0.33 0.19 0.25 0.36 0.12 -0.04 
ρ6 0.17 -0.16 0.02 0.21 0.30 0.26 0.35 0.37 -0.09 -0.02 
ρ7 -0.22 -0.33 0.00 -0.39 0.18 0.08 0.16 0.21 -0.15 -0.19 
ρ8 0.23 0.72 0.00 0.25 0.16 0.21 0.36 0.19 -0.05 0.08 
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Exhibit 4: Mixed-asset allocation: Real estate/Stocks/Bonds: 1987-1999 
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Exhibit 5: Mixed-asset allocation: Real estate/Stocks/Bonds and Timberland: 1987-1999 
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Exhibit 6: Efficient Frontier: Real estate/Stocks/Bonds and Timberland  
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Exhibit 7: Mixed-Real estate allocation: Office/Retail/Industrial: 1987-1999 
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Exhibit 8: Mixed-Real estate allocation: Office/Retail/Industrial and Timberland: 1987-1999 
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Exhibit 9: Efficient Frontier: Office/Retail/Industrial and Timberland 
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Exhibit 10: Mixed-asset allocation: Real estate/Stocks/Bonds and Timberland (Constrained 20%): 1987-1999 
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Exhibit 11: Mixed-asset allocation: Real estate/Stocks/Bonds and Timberland (Constrained 10%): 1987-1999 
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Exhibit 12: Efficient Frontier Summary: Real estate/stocks/bonds/timberland or timberland (constrained at 10% and 20%) 
